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1. INTRODUCTION 

The pres nt inv ntion relates to soluble iigands for CD40 and, in particular, to human gp39 protein and 
solubl Iigands deriv d th refrom which may be used in m thods of promoting B-cell proliferation. 

2. BACKGROUND OF THE INVENTION 
2.1. THE B-CELL ANTIGEN, CD40 

CD40 is an approximately 50 kDa glycoprotein expressed on the surface of B cells, follicular dendritic 
cells, normal basal epithelium, and some carcinoma and melanoma derived cell lines (Paulie et at 1985 
Cancer Immunol. Immunother., 20:23-28; Clark and Ledbetter, 1986, Proc. Natl. Acad. Sci. 83:4494-4498' 
Ledbetter ef at.. 1987. J. Immunol. 138:788-794; Ledbetter et al., 1987, in "Leukocyte" Typing III - 
McMichael, ed., Oxford U. Press pp. 432-435; Paulie et a/.. 1989, J. Immunol. 142:590-595' Young et al 
1989, Int. J. Cancer 43:786-794; Galay et al., 1992, J. Immunol. 149:775). Isolation of a human cDNA 
encoding CD40 showed that this protein is a type I membrane protein which is significantly related to the 
members of the nerve growth factor receptor family (Stamenkovic et aA, 1989, EMBO J. 8:1403-1410). 

The role of CD40 in B cell activation is well established. Crosslinking CD40 with an£cD40 monoclonal 
antibodies (mAb) induces B cell aggregation via LFA-I (Gordon et a/., 1988, J. Immunol. 140:1425-1430; 
Barrett et a/., 1991, J. Immunol. 146:1722-1729), increases serine/threonine (Einfeld et al.. 1988, EMBO J 
7:711-717) and tyrosine (Uckun et a/., 1991, J. Biol. Chem. 266:17478-17485) phosphorylation of a number 
of intracellular substrates, and provides a "competency" signal which allows B cells to proliferate and 
undergo class switching when stimulated with the appropriate second signal. For example, anti-CD40 mAb 
can synergize with phorboi myristyl acetate (PMA; Gordon et a/., 1987, -Eur. J. Immunol. ^7:1535-1538) or 
anti-CD20 Mab (Clark and Ledbetter, 1986, Proc. Nad. Acad. Sci. 83:4494-4498) to induce B cell 
proliferation, with IL-4 to induce B cell proliferation (Gordon et a/.. 1987. Eur. J. Immunol. 17:1535-1538- 
Rousset et a/., 1991, J. Exp. Med. 173:705-710) and IgE secretion (Jabara et at., 1990.T Exp. Med 
172:1861-1864; Rousset et at., 1991; J Exp. Med. 173:705-710; Gascan era/., 1991, J. Immunol. 1478-13 
Zhang ef a/., f 991, J. Immunol. 146:1836-1842; Shapira et at. 1992, J. Exp. Med. 175:289-292) and~with IL- 
10 and TGF-0 to induce IgA secretion by slgD + B cells (DeFrance et at., 19^2, J. Exp. Med. 175:671-682). 
Also, there is evidence that CD40 delivered signals are involved in modulating cytokine production by 
activated B cells (Cairns ef a/., 1988, Eur. J. Immunol. 18:349-353; Clark and Shu, 1990 J Immunol 
145:1400-1406). — 

Crosslinking of anti-CD40 mAb alone is not sufficient to induce B ceil proliferation as demonstrated by 
the observation that anti-CD40 mAb immobilized on plastic in conjunction with IL-4 is unable to induce 
vigorous 8 cell proliferation (Banchereau et at.. 1991, Science 251:70-72). However, anti-CD40 mAb 
immobilized on murine L cells transfected with an Fc receptor. CDw32. are able to induce B cell 
proliferation in the presence of IL-4 (Banchereau ef a/., 1991, Science 251:70-72), suggesting that a signal 
provided by the fibroblasts synergizes with the CD40 signal and IL-4 to drive B cell proliferation. 

2.2. THE T-CELL ANTIGEN, GP39 

Soluble forms of the extracellular domain of human CD40 such as CO40-tg have been used to show 
that the CD40 ligand, gp39, is a glycoprotein of approximately 39 kDa expressed on the surface of activated 
CD4 + murine T cells (Armitage ef at., 1992, Nature 357:80-82; Noeile et aL. 1992. Proc. Natl. Acad. Sci. 
USA 89:6550-6554). Interaction with gp39 induces resting B cells to enter the cell cycle and become 
responsive to the growth and differentiation effects of lymphokines (Armitage ef a/., 1992. Nature 35780-82 
Noelle et al., 1992, Proc. Natl. Acad. Sci. USA 89:6550-6554). — 

Recently, a cDNA encoding murine gp39 has been isolated and shown to be functionally active when 
expressed as a membrane protein on transfected cells (Armitage ef aL. 1992. Nature 357:80-82). This 
cDNA encodes a 260 amino acid polypeptide with the typical features of a type II membrane protein and 
CV1/EBNA cells expressing murine gp39 were shown to induce murine and human B cell proliferation 
without additional co-stimulus. 

3. SUMMARY OF THE INVENTION 



The present invention r lates to soluble Iigands for CD40. and. in partorfar. to human gp39 protein and 
solubl Iigands d rived ther from. It is based, at least in part, on the discovery, cloning, and xpression of 
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the human T cell antigen gp39. a ligand for the CD40 receptor. It is also based, in part, on th preparation 
of a soluble form of human gp39 which, tog ther with a co-stimulating agent, is abl t promot B cell 
proliferation and differ ntiation. 

The pr sent invention provid s for essentially purified and isolated human gp39 protein having a 
5 sequence substantially as s t forth in Figur 1 . as well as for essentially purified and isolated nucl ic acid 
having a sequence substantially as set forth in Figure 1 and/or encoding said human gp39 protein. 

The present invention further provides for soluble forms of human as well as non-human gp39. In a 
preferred, non-limiting embodiment of the invention, soluble gp39 may be produced using the expression 
vector CD8-gp39. 

70 The soluble gp39 of the invention may be used, together with co-stimulating agents, to promote the 
proliferation of B-cells in vivo or in vitro . Such proliferation may be desirable in the treatment of conditions 
that would benefit from an augmented immune response, such as acquired immunodeficiency syndrome or 
for the generation of a cell culture system for long-term B-cell growth. 

is 4. DESCRIPTION OF THE FIGURES 

Figure 1 . Nucleotide and predicted amino acid sequence of human gp39 and homology to murine gp39, 
TNFot and TNF/J. 

(A) The nucleotide sequence [SEQ. iD NO: 1] and translated open reading frame [SEQ. ID NO: 2] are 
20 numbered at left. Sites of potential N-linked glycosylation are marked (CHO). the predicted transmem- 
brane domain (TM) is underlined and the two Arg residues located at the junction of the predicted 
transmembrane and extracellular domains are double underlined. Nucleotide and amino acid number- 
ing is given to the left. 

(B) Alignment of the predicted amino acid sequence of human gp39 (H-gp39) [SEQ. ID NO: 3], murine 
25 gp39 (M^gp39) [SEQ. ID NO: 4], human TNFa (H-TNFa) [SEQ. ID NO: 5], and human TNF0 (H-TNF0) 

[SEQ. ID NO: 6]. Amino acids shared by at least three proteins are shown boxed; similar amino acids 
shared by at least three of the proteins are shown shaded. 
Figure 2. Soluble recombinant human gp39 and CD72, sgp39 and sCD72. (A) The cDNA fragment 
encoding the extracellular domain of murine CD8 is designated mu-CD8 EC. The murine CD8 amino 

30 terminal secretory signal sequence, is shown stippled. The cDNA fragment encoding the extracellular 
domain of human gp39 or CD72 are designated hu-gp39 EC and hu-CD72 EC, respectively. The amino 
acid sequences predicted at the site of fusion of the extracellular domain of murine CD8 and human 
gp39 [SEQ. ID NO: 7] (italic) or CD72 [SEQ. ID NO: 8] (italic) are shown below the individual diagrams. 
Residues introduced at the junction of the two cDNA fragments are shown underlined. The unique Bam 

35 HI restriction enzyme recognition site at the junction of the two genes is shown. (B) Radiolabeled 
proteins from the supernatants of metabolically labeled mock (lanes 1 and 2) of CD8-gp39 (lanes 3 and 
4) transfected COS cells were immunoprecipitated based on their interaction with the anti-murine CD8 
mAb 53-6 (lanes 1 and 3) or the CD40-lg (lanes 2 and 4) and analyzed by SDS-PAGE under reducing 
conditions as described in the text. The electrophbretic mobility of molecular mass standards of the 

40 indicated mass in kDa are shown to the left. (C) Radiolabeled proteins from the supernatants of 
metabolically labeled mock (lanes 1-4) and CD8-CD72 (lanes 5-8) transfected COS cells were recovered 
based on their reactivity with the anti-murine mAb 53.6 (lanes 1 and 5), the anti-CD72 mAb J3I01 (lanes 
2 and 6), the anti-CD72 mAb BU41 (lanes 3 and 7) and CD40-lg (lanes 4 and 8) and analyzed by SDS- 
PAGE under reducing conditions as described in the text. The electrophoretic mobility of molecular mass 

45 standards of the indicated mass in kDa are shown to the left. 

Figure 3. Binding of sgp39 or CD40-lg to transfected COS cells. COS cells transfected with either a gp39 
(A and B) or a CD40 (C-F) cDNA expression plasmid were examined for their ability to bind either 
soluble recombinant CD40 (A and B), or soluble recombinant gp39 (C and D), or the arrti-CD40 mAb 
G28-5 (E and F) as described in the text. Phase (A, C and E) and fluorescent (B, D and F) images of 

so representative fields are shown. 

Figure 4. Characterization of the sgp39/CD40-lg interaction. The abilty of increasing ccocentrations of 
CD40-lg (0.6 u.g/ml to 20 ug/ml) and the control immunoglobulin fusion protein, Leu&-lg (0.6 ug/ml to 20 
ug/ml), to bind to immobilized sgp39 was examined by ELISA as described in the text Likewise the 
ability of increasing concentrations of CD40-lg to bind to the immobiized control fusion protein sC072 

55 was also examined in the same way. In both cases the sgp39 and sC072 were immobilized on plastic 
which had been previ usly c ated with the anti-murine CD8 mAb 53-6 as described in th text 
Figure 5. Activation of human B cells by surface bound gp39. The abilty f gp39-expressing COS cells 
(gp39-COS) or mock transfected COS c lis (mock COS) to stimulate the proliferation of resting human 
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peripheral blood B cells alone or in the pres nee of the anti-CD20 mAb IF5 (+ IF5) or PMA (+ PMA) in 
the absence (solid bars, alon ) or presence (hatched bars, + CD40-lg) of CD40-lg was examined as 
described in the text and evaluated by [ 3 HBhymidin incorporation. 

Figure 6. Activation of human peripheral blood B e II by sgp39. The ability of soluble recombinant gp39 
5 <sgp39, hatched bars) or control soluble recombinant fusion protein (sCD72. solid bars) to stimulate the 
proliferation of resting human peripheral blood B cells alone or in conjunction with the anti-CD20 mAb 
IF5 (+ IF5) or PMA (+ PMA) was examined as described in the text, evaluated by pH]-thymidine 
incorporation and compared to that of B cells incubated for an equivalent amount of time in the absence 
of exogenous stimuli (cells alone, open bars) or in the presence of either IF5 alone or PMA alone (ooen 
io bars). y K 

Figure 7. Activation of dense human tonsillar B cells by sgp39. The ability of soluble recombinant gp39 
(sgp39, hatched and solid bars) to stimulate the proliferation of dense tonsillar B cells alone or in 
conjunction with the anti-CD20 mAb IF5 < + IF5) or PMA ( + PMA) was examined as described in the text 
evaluated by [ 3 H]-thymidine incorporation and compared to that of B cells incubated alone (cells alone 
open bars) or in the presence of either IF5 alone or PMA alone (open bars). The ability of CD40-lg (solid 
bars) to block the sgp39 driven B cell activation was examined at a concentration of 20 mg/ml (A) and 
compared to an equal concentration of an irrelevant immunoglobulin fusion protein, Leu-8-lg (solid bars, 
B ) 

Figure 8. Amino acid [SEQ. ID NO: 9] and nucleic acid [SEQ. ID NO: 10] sequence of murine CD8 
20 Figure 9. Amino acid [SEQ. ID NO: 11] and nucleic acid [SEQ. ID NO: 12] sequence of human CD8. 

5. DETAILED DESCRIPTION OF THE INVENTION 

For clarity of description and- not by way of limitation, the detailed description of the invention is divided 
25 into the following subsections: 

(i) cloning and expression of human gp39 (hgp39); 

(ii) preparation of soluble gp39 (sgp39); and 

(iii) utility of the invention. 

30 5.1. CLONING AND EXPRESSION OF HUMAN GP39 

The present invention provides for essentially purified and isolated nucleic acids encoding hgp39 for 
essentially purified and isolated hgp39 protein, and for methods of expressing hgp39. The complete nucleic 
acid sequence of hgp39 (corresponding to cDNA) and the complete amino acid sequence of hgp39 are 
35 presented in Figure 1 and contained in plasmid CDM8-hgp39, deposited with the American Type Culture 
Collection (ATCC) as Escherichia coli, CDM8 MCl061/p3-hgp39 and assigned accession No. 69050. An 
example of an expression vector that may be used to produce soluble hgp39 (shgp39) is plasmid CDM7B"- 
shgp39 which has been deposited with the ATCC as, Escherichia coli COM7B" MCl061/p3-shgp39 and 
assigned accession number 69049. 
40 In particular embodiments, the present invention provides for an essentially purified and isolated nucleic 
acid having a sequence substantially as set forth in Figure 1, and for an essentially purified and isolated 
nucleic acid encoding a protein having a sequence substantially as sot forth in Figure 1. The present 
invention further provides for an essentially purified and isolated protein having a sequence substantially as 
set forth in Figure 1 . ' ' ' - 
45 The term "substantially", as used herein, indicates that the sequences set forth in Figure 1 may be 
altered by mutations such as substitutions, additions, or deletions that result in a molecule functionally 
equivalent to a protein having a sequence as set forth in Figure 1. For example/due to the degeneracy of 
the genetic code, the nucleic .acid sequence as set forth in Figure 1 may be altered provided that the final 
sequence encodes a protein having the same sequence as depicted in Figure 1 or a functionally equivalent 
sequence; Le., an amino acid sequence in which functionally equivalent antra acids, such as amino acids 
of the same group (e^g. hydrophobic, polar, basic, or acidic) are substituted kito the protein. 

For example, one or more amino acid residues within the sequence can be substituted by another 
amino acid of a similar polarity which acts as a functional equivalent resulting in a silent alteration. 
Substitutes for amino acid within the sequence may be selected from other members of the class to which 
the amino acid belongs. For example, the nonpolar (hydrophobic) amino acids include alanine, leucine, 
isoleucine, valine, proline, phenylalanine, tryptophan and glutamine. The positively charged (basic) amino 
acids include arginine, lysine, and histidin . The negatively charged (actfc) amino acids include aspartic 
acid and glutamic acid. The prot ins of the invention may also be differentially modified during or after 
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translation, ag. by phosphorylation^glycosylation/crosslihking, acylatibn, proteolytic cl avage etc. 

Genomic or cDNA clones containing hgp39-encoding sequences may b identified, for xample. by 
synthesizing oligonucleotide probes that contain a portion of the hgp39 sequence d picted in Figure 1, and 
using such probes in hybridization reaction by th m thod of Benton and Davis (1977, Science 196:180) or 
Grunst in and Hogness (1975. Proe. Natl. Acad. Sci. U.S.A. 72:3961-3965). Similarly, oligonucleotide 
primers containing a portion of the hgp39 sequ nee depict d in Rgure. 1 may b prepared and used in 
polymerase chain reactions (Saiki et al., 1985, Science 230:1350-1354), using, for example, cDNA from 
activated T lymphocytes as template, to generate fragments of hgp39 sequence that may be pieced 
together to form or otherwise identify a full-length sequence encoding hgp39. . 

In a specific, non-limiting embodiment of the invention, cDNA encoding hgp39 may be isolated and 
characterized as follows. CD40-lg, as t described in Noelle et al., 1992, Proc. Natl. Acad. Sci. U.S.A. 89:6550- 
6554, may be modified by the introduction of three mutations, namely L234F, L235E, and G237ATin the 
immunoglobulin domain, which reduce the binding to Fc receptors. The modified CD40-lg may be purified 
from COS cell supematants as described in Aruffo, 1990, Cell 61[:1303t1313! Human gp39 cDNA may be 
amplified by polymerase chain reaction (PCR) from a library prepared from phytohemagglutin-activated 
human peripheral blood T-cells (Camerini et .al., 1989, Nature 342:78-82). The oligonucleotide primers may 
be designed based on the sequence of murine gp39 (Armitage et al., 1992, Nature 357:80-82) and may be 
engineered to include cleavage sites for the restriction enzymes Xbai and Hindlll, to be used in subcloning 
the PCR product. For example, and not by way of limitation, the following oligonucleotides may be used: 5*- 
GCG AAG CTT TCA GTC AGC ATG ATA GAA ACA-3' [SEQ. ID NO: 13] and 5'-CGC TCT AGA TGT TCA 
GAG TTT GAG TAA GCC-3* [SEQ. ID NO: 14). Amplification may be performed with Tag polymerase and 
the reaction buffer recommended by the manufacturer (Perkin Elm6r Cetus Corp., Norwalk, CT) using 30 
cycles of the following temperature program: 2 min., 95 "C; 2 min„ 55 * C; 3 min., 72 *C. The PCR product 
maybe digested with Hindlll and Xbal and should be found to contain an internal Hindlll restriction site. The 
resulting Hindlli-Xbal fragment may then be subcloned into a suitable vector, such as, for example, the 
CDM8 vector. The complete gene product may be constructed by subcloning the Hindiil-Hindlll fragment ' 
into the vector containing the Hindlll-Xbal fragment. The resulting construct may then be transfected into 
COS cells using DEAE-dextran as described in Aruffo et al., 1990, Cell 61:1303-1313. Transfectants may be 
stained with CD40-lg (25 ug/ml in DMEM media) followed by FITC-conjugated . goat anti-human IgG Fc 
antibody (1:50 dilution in DMEM, TAGO, Burlingame, CA) and visualized by immunofluorescence micro- 
scopy. A clone containing the complete hgp39 sequence may be obtained by colony hybridization as 
described in Sambrook et al., 1989. in "Molecular Cloning: A Laboratory Manual," Cold Spring Harbor 
^ Press, Cold Spring Harbor, NY. The subcloned HindHI-Hindlll fragment of the PCR product may be used to 
generate a 32 p-labelled probe by random primed polymerization. Plasmid DNA from several individual 
-clones may be transfected into COS cells and the transfectants may be stained with CD40-lg. Clones that 
give rise to positive-staining COS cell transfectants may then be further characterized by restriction : 
fragment mapping and sequencing. * ■ 

Once obtained, the hgp39 gene may be cloned or subcloned using any method known in the art. A 
large number of vector-host systems known in the art may be used. Possible vectors include, but are not 
limited to, cosmids, plasmids, or modified viruses, but the vector system must be compatible with trie host 
cell used. Such vectors include, but are hot limited to. bacteriophages such as lambda derivatives, or 
plasmids such as pBR322. puC, or Bluescript™ (Stratagene) plasmid derivatives. Recombinant molecules 
can be introduced into host cells via transformation, transfection, infection, etectroporation, etc. 

The hgp39.gehe may be inserted into a , cloning vector which can be used to transform, transfect. or 
infect appropriate host cells so that many copies of the gene sequence are generated. This can be 
accomplished by ligating the DNA fragment into a cloning vector which has complementary cohesive 
termini. However, if the complementary restriction sites used to fragment the DNA are riot present in the 
cloning vector, the ends of the DNA molecules may be enzymatically modified. * 

In order to express recombinant hgp39, the nucleotide sequence coding for hgp39 protein, or a portion 
thereof, may be inserted into an appropriate expression vector, Le, a vector which contains the necessary 
elements for the transcription and translation of the inserted peptide/protein encoding sequence. The 
necessary transcription and translation signals can also be supplied by the native hgp39 gene and/br its 
flanking regions. A variety of host-vector systems may be utilized to express the protein-coding sequence. 
These include, but are not limited to, mammalian eel) systems infected with virus ( e.g. vaccinia virus, 
adenovirus, etc.) or transfected with plasmid expression vector; insect ced systems infected with virus (e^g. 
baculovirus); microorganisms such as y ast containing yeast vectors, or bacteria transformed with bac- 
teriophage DNA. plasmid DNA. or cosmid DNA. The expression elements f these vect rs vary in their 
strengths and specificities. 
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Expression of nucleic acid sequence encoding hgp39 protein or a portion thereof may b regulated by 
a second nucleic acid sequ nee so that hgp39 protein or peptid is expr ssed in a host transformed with 
the recombinant ONA mol cule. For example, expression of hgp39 may be controlled by any pro- 
mot r/enhanc r elem nt known in th art. Promoters which may be us d to control hgp39 expr ssion 
include, but are not limited to. the SV40 early promoter region (Benoist and Chambon, 1981, Nature 
290:304-310). the cytomegalovirus promoter, th promoter contained in the 3' long t rminal repeat of Rous 
sarcoma virus (Yamamoto et ai. f 1980. Cell 22:787-797); the herpes thymidine kinase promoter (Wagner et 
al.. 1981. Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445). the regulatory sequences of the metallothionine gene 
(Brinster et al.. 1982. Nature 296:39-42); prokaryotic expression vectors such as the ^-lactamase promoter 
(Villa-Kamaroff et al.. 1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731); promoter elements from yeast or 
other fungi such as the Gal 4 promoter or the alcohol dehydrogenase promoter; and animal transcriptional 
control regions, such as the immunoglobulin gene control region which is active in lymphoid ceils 
(Grosschedl et al.. 1984. Ceil 38:647-658; Adames et al., 1985. Nature 318:533-538; Alexander et al.. 1987, 
Mol. Cell. Biol. 7:1436-1444), the beta-globin gene control region which is active in myeloid cells (Magram 
et al., 1985, Nature 315:338-340; Kollias et al,. 1986. Cell .46:89-94), and other tissue-specific or constitutive 
promoter/enhancer elements. 

Recombinant hgp39 protein or peptide expressed in such systems may be collected and purified by 
standard methods including chromatography (eg. ion exchange; affinity (for example, using CD40 as 
ligand); and sizing column chromatography) centrifugation, differential solubility, or by any other standard 
technique for the purification of proteins. 

According to the present invention, hgp39 protein or peptide may also be synthesized chemically using 
standard protein synthesis techniques. 

5.2. PREPARATION OF SOLUBLE GP39 

The present invention also provides for soluble forms of gp39, including both human and non-human 
gp39. Such soluble forms of gp39 are produced by genetic engineering of gp39-encoding nucleic acid, 
such as hgp39-encoding nucleic acid (see Section 5.1, supra , and Figure 1). or Murine gp39-encoding 
nucleic acid (Armitage et al.. 1992. Nature 357:80-82). to produce gp39 fusion proteins which comprise the 
extracellular domain of gp39, which extends from about amino acid residue 48 to amino acid residue 261 . In 
addition to gp39 amino acid sequence, the fusion proteins of the invention may further comprise a 
molecular "tag", which may be a portion of a larger protein and which replaces the transmembrane and 
cytoplasmic domains of gp39 and provides a "handle" that reacts with reagents. Soluble gp39 may also be 
prepared without a "tag" by replacing the cytoplasmic and transmembrane domain of gp39 with an amino 
terminal signal peptide derived from a type I membrane protein or a secreted protein. 

Because gp39 is a type II membrane protein and is therefore oriented with a carboxy-terminal 
extracellular domain, the tag is desirably oriented amino-terminal to the g£>39 extracellular domain (gp39 
ECD). Preferably, the tag peptide contains an amino-terminal secretory signal sequence to allow export of 
the fusion protein. 

Appropriate tag proteins include extracellular protein domains with well defined tertiary structures, so as 
to minimize the possibility of affecting the tertiary structure of gp39 ECO while increasing the likelihood of 
successful expression and transport For example, an ECD protein which is known to have been incor- 
porated into a fusion protein that was synthesized and exported in high yieid from an expression system 
would be likely to be a suitable tag protein for soluble gp39. 

Another criterion for selecting a tag protein is the availability of reagents that react with the tag protein. 
For example, a tag protein to which one or more monoclonal antibodies have been produced offers the^ 
advantage of providing a "handle" which may be detected or manipulated by monoclonal antibody. 

Suitable tag proteins include but are not limited to extracellular domains of type I membrane proteins 
such as CD8, secreted proteins such as IL-4, Fc domains of immunoglobufins, etc. In preferred, specific, 
nonlimiting embodiments of the invention, the tag protein is the murine CD8 that comprises its extracellular 
domain (ECD) (described by Nakauchi et ah, 1985. Proc. Natl. Acad. Sci. U.SA 82:5126-5130) or its human 
equivalent (Kavathas et al.. 1984. Proc. Natl. Acad. Sci. U.S.A. 81:7688). The nucleotide and amro acid 
sequences of murine CD8 are presented in Figure 8; the ECD is found between amino acid residues 1 and 
174 (numbering from the first ATG of nucleic add sequence), as encoded by fiat portion of the nude* acid 
between nucleotide residues 121 and 708. Th nucleotide and amino aod sequences of corresponding 
human CD8 are presented in Figure 9; the ECD is found between amino acid residues 1 and 161 as 
encoded by that portion of the nucleic acid between nucleotide residues 129 and 61 1. 
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For exampl ( and not by way of limitation, the construct depict d in Figur 2A and describ d infra in 
Section 7 may be used to produce soluble gp39 (sgp39). This construct may be prepared as follows:" 

The ECD of hgp39 may be amplified from a cDNA library prepared from rr.RNA from phytohemag- 
glutinin (PHA)-activat d human p ripheral blood lymphocytes. The oligonucleotide primers may be de- 
signed based on the sequence set forth in Figur 1 and may be engineered so as to place a restriction 
enzyme cleavage site (e.g. a BamHI cleavag site) is at the 5' end of th gen such that the reading frame 
may be preserved when the chimeric gene is constructed. For example, oligonucleotides which may be 
used are 

5 • -CGA 

AGC TTG GAT CCG AGG AGG TTG GAC AAG ATA GAA GAT-3 ' [ SEQ. ID NO: 
15] and 5'-CGC TCT AGA TGT TCA GAG TTT GAG TAA GCC-3' [SEQ, ID 
NO: 14 ] • 

Polymerase- chain reaction may be performed using Pfu polymerase with buffer supplied by the manufac- 
turer (Stratagene, LaJolla, CA) with the following temperature program: 5 min., 95 "C; 2 min., 72 "C, 2 min., 
55 *C; 40 cycles of amplification consisting of 1 min., 95 - C; 2 min., 55 *C; 3 min.. 72 'C; 10 min., 72 'C. 
The PCR product may be digested with BamHI and Xbai and subcloned into a vector containing the gene 
encoding either the murine CD8 (Lyt2a) ECD or its human equivalent. The resulting construct may then be 
transfected into COS cells and then expressed to form sgp39, which may then be purified by absorption 
and elution from an affinity column which contains either CD40-lg or an anti-murine CD8 mAb, such as 53- 
6, immobilized on a solid support such as sepharose beads. 

It may be desirable to confirm that sgp39 fusion proteins prepared from the gp39 ECD and various tags 
are capable of binding to CD40. For example, and not by way of limitation, the binding of sgp39 to CD40 
may be confirmed in an ELISA assay in which wells of a 96-well plate may be coated with anti-tag antibody, 
washed with phosphate buffered saline (PBS) containing 0.05 percent Tween-20 (TPBS) and then blocked 
with 1X specimen Diluent Concentrate (Genetic Systems, 225 ul/well. 2 hours, room temperature). Wells 
may then be washed with TPBS. Supernatants from COS cells expressing sgp39 or a negative control may 
be added (150 ul/well) and plates may be incubated at 4*C overnight. Wells may then be washed with 
TPBS and then CD40 (ejj. in the form of CD40-lg fusion protein) or negative control protein, which may 
desirably be added as serial dilutions in PBS containing ImM CaCI 2 and ImM MgCfe. 20ug/ml to 0.6ug/ml. 
lOOul/well, 1 hr., room temp^. Wells may then be washed with TPBS and binding of CD40 to the sgp39- 
coated wells detected; for example, binding of CD40-lg to sgp39-coated wells may be detected by adding 
peroxidase-conjugated goat F(ab')2 anti-human IgG followed by chromogenic substrate (e.g. Genetic 
Systems chromogen diluted 1:100 in El A Buffered Substrate, Genetic Systems, 100uVwell). The 
chromogenic reaction may be stopped after 10 minutes with the addition of Stop Buffer (Genetic Systems, 
lOOul/well) and the absorbance may be measured on an ELISA reader at dual wavelengths (450nm, 
630nm). Alternatively, ELISA may be performed by immobilization of CD40 (e.g. CD40-lg) on plates coated 
with antibody (e.g. goat anti-human Fc), and binding of sgp39 from increasing dilutions of COS cell 
supernatant may be detected using anti-tag antibody. 

Additionally, the ability of sgp39 to bind to CD40 may be ascertained by B cell proliferation assay as 
follows. Peripheral blood mononuclear cells may be isolated by centrifugation through Lymphocyte 
Separation Medium (Litton Bionetics, Kensington, MD). Human B Lymphocytes may be enriched from 
PBMC by passage of cells over nylon columns (Wako Chemicals USA. Inc., Richmond, VA) and harvesting 
of adherent cells. The cells may then be treated with leu-leu methyl ester (Sigma, St. Louis, MO) to deplete 
monocytes and NK cells. The resulting cell population may be analyzed by flow cytometry on an EPICS C 
(Coulter Electronics, Hiaieah, FLA) to determine the percentage of B ceils. 

Tonsillar B cells may be prepared from intact tonsils by mincing to produce a tonsillar cell suspension. 
The cells may then be centrifuged through Lymphocyte Separation Medium, washed twice, and then 
fractionated on a discontinuous Percoll gradient. Cells with a density greater than 50 percent may be 
collected, washed twice, and used in proliferation assays. 

Measurement of proliferation may be performed by culturing B cefis in quadruplicate samples in flat- 
bottomed 96-well microtit r plates at 5 x 10* cells per well in complete RPMI medium containing 10 percent 
fetal calf serum. Supernatants of COS c lis expressing sgp39 or control construct diluted 1:4, plus PMA 
(10ng/ml, LC Services, Wobum, MA) or 1F5 <anti-CD20, 1ul/ml), may be added to the cultures, and then B- 
c II proliferation may be measured by uptak of [ 3 H]-thymidine (6.7 OAnrnol; New England Nuclear, 
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Boston, MA) after 5 days of culture and an ov might puis (cells may be harv sted onto glass fib r filt rs 
and radioactivity may be measured in a liquid scintillation counter). A boost in B-cell proliferation above 
control levels (preferably by at least about 100 p rcent) associated with a particular form of sgp39 indicates 
th sgp39 interacts with CD40 on the surfac of B cells and is biologically active. 

5 The pr sent invention provides for an essentially purified and isolated nucleic acid comprising a 
sequence substantially as set forth in Figure 1 from nucleotid residues 160 to 787, which may be used 
toward the production of the fusion proteins of the invention. Accordingly, the present invention also 
provides for an essentially purified and isolated nucleic acid comprising a sequence substantially as set 
forth in Figure 1 from nucleotide residues 160 to 787 and further comprising a sequence encoding an 

10 extracellular domain of a protein other than a gp39 protein (that is, human or non-human gp39 protein); in 
preferred embodiments, this other protein is murine or human CD8 protein, in a specific, nonlimiting 
embodiment of the invention, the extracellular domain of this other protein is the extracellular domain of 
murine or human CD8 from amino acid residues 1 to 174 and 1 to 161, respectively as encoded by the 
sequence between nucleotides 121-708 as depicted in Figure 8 and residues 129-611 in Figure 9. In a 

is preferred, specific, nonlimiting embodiment of the invention, this essentially purified and isolated nucleic 
acid is contained in plasmid CDM7B" MCt061/p3-shgp39 as deposited with the ATCC and assigned 
accession number 69049. The present invention further provides for proteins encoded by such nucleic 
acids 

For example, the present invention provides for an essentially purified and isolated protein comprising a 
so sequence substantially as set forth in Figure 1 from amino acid residues 47-261. and for this essentially 
purified and isolated protein further comprising an extracellular domain of a protein other than a gp39 
protein. In preferred embodiments, this other protein is murine or human CD8 protein, and in a specific, 
nonlimiting embodiment of the invention, the extracellular domain of this other protein is the extracellular 
domain of murine or human CD8 from amino acid residues 1-174 and 1-161, respectively, in a preferred, 
25 specific, nonlimiting embodiment of the invention, the essentially purified and isolated protein is as 
produced by expression of .plasmid CDM7B" MC1061/p3-shgp39, as deposited with the ATCC and 
assigned accession number 69049. 

5 : 3. UTILITY OF THE INVENTION 

30 

The present invention provides for a method of promoting the proliferation and/or differentiation of 
CD40-bearing cells comprising exposing the cells to an effective concentration of a soluble gp39 protein, 
such as the soluble gp39 proteins, both human and nonhuman, described in Section 5.2, supra . 

In preferred embodiments, the invention is used to promote the proliferation and/or differentiation of B- 
35 cells which may have been activated prior to exposure to the soluble gp39 protein, concurrently with 
exposure to soluble gp39 protein or, less preferably, after exposure to soluble gp39 protein, wherein the 
soluble gp39 protein is still present. Activation of B -eel Is may be accomplished by any method known in the 
art, including exposure to costimulating agents including, but not limited to, anti-immunoglobulin antibody, 
antibody directed toward a B-cell surface antigen (e.g. CD20), phorbol myristyl acetate (PMA), ionomycin, 
40 or soluble or surface-bound cytokines (e.g IL-4). 

An effective concentration of soluble gp39 is defined herein as a concentration which results in an 
increase in activated B-cell proliferation of at least one hundred percent relative to the proliferation of 
activated B-cells that are not exposed to gp39 or other mediators of B-cell proliferation (see, for example, 
Section 5.1 supra and Section 7.1.3 infra ). For example, and not by way of limitation, a concentration of 
45 between about 0.005-2.5 ug/ml, and most preferably about 0.1-0.25 ug/ml may be used. 

As set forth in U. S. Serial No. 708,075, which is incorporated by reference in its entirety herein, the 
soluble gp39 proteins of the invention have a number of uses, including in vrtro and in vivo uses. 

According to one embodiment of the invention, soluble gp39 may be used to produce an in vitro cell 
culture system for long-term B-cell growth. This may be particularly useful in the preparation of antigen- 
50 specific B-cell lines. 

In another in vitro embodiment, soluble gp39 may be used to identify or separate cells which express 
CD40 antigen and/or to assay body fluids for the presence of the CD40 antigen which may or may not be 
shed. For example, the binding of soluble gp39 to CD40 antigen may be detected by directly or indirectly 
labeling the soluble gp39. for example, by incorporating radiolabel or tftnxrogen into the soluble gp39 
55 protein (direct labeling) or via anti-gp39 antibody (indirect labeling). In this manner, soluble gp39 may be 
us d diagnostically in vitro to identify CD40 antigen as expressed in tumors, malignant cells, body fluids, 
etc. 
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In r lated embodiments, directly or indirectly labeled solubl oo39 ma « h« „«h i„ • . . 
or tumors which express the CO40 antigen. 9P38 may be used in vivo to image cells 

In various other in yjyo mbodiments, solubl gp39 mav be usari t« ; n „-*~ • 

exampl . by acting, effectively, as a typ of "adjuvant" Z incr ^ L ' mmUn re8p0nse ' ,or 

6 Alt rnatively. soluble gp39 may b used to increase the Zn„l " T,mUn8 < f6SP ° nSe ,0 3 VaCdn8 - 
individual such as a person suLng from ^ZZZZ^ylZ^ U^™"™** 
infant or elderly person. wuwigi ncy syndrome, from malignancy, or an 

immunosuppression in order to cros/hi^tnrn m n a «K r, ^ 9P39 may be used in vivo to cause 

^rr 9 :r a r a ,^ri':; me ~ - -*~ ~- ~« 

6.1. MATERIALS AND METHOns 

CD40-lg, as described in Noelle et al., 1992, Proc Natl Acad Sri u <; a oo-cccn ecc . 
by the introduction of three mutations, namely L234F L235E aS G^A fnt- ™* ' 

reduce ,he binding to Fc receptors. The modtfe * £ rom 'cos^T!!!™™ * 

5 1 -GCG AAG CTT TCA GTC AGC 
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.hf s e , d u r h ^°?' 9 " °" e C ' 0ne H C,0n - 19, W3S P0S " iV by th,S cri,eria and was «ed in the remainder of 



6.2. RESULTS 



A cDNA. encoding the human gp39 was amplified from a cDNA library prepared from mRNA isolated 
from PHA activated human peripheral blood T celis by the polymerase chain (PCR, SJ^SS 

oligonucleotides based on .he murine g P 39 sequence (Armitage ef al.. 1992. Nature 357-80-82) The PCR 
product was subcloned into the expression vector CDM8 (Seed. 1987. Nature 329:845-842) COS cells 
transfected w.th the CDM8-g P 39 plasmid produced protein which bound to CD4f>ig (NoeHe et al 1 992 
Prpa Natl. Acad. Sci. U.S.A. 89:6550-6554). A complete human g P 39 gene 22 id by co ony 
ybnd.zatoon from the same cDNA library that was used for the PCR amplification of gplg using the 

I™" h r '^i 33 3 Pf0be - A " Umber ° f P0Sitive d0n8S were isolated analyzed by restrfcton 
enzyme d.gest.on. DNA corresponding to those clones containing the largest inserts. 1 8-1 5 kb were 
transfected into COS cells and their ability to direct the expression of a CD40-lg binding protein examined 
One sucfv clone was positive by this criteria and was analyzed further and is referred TO hereafter as 
S", 9P ?' ,m ™ no P r « d P itation ° f cDNA-encoded human gp39 protein from transfected COS cells using 
C040-lg showed a single band corresponding to a molecular mass of about 32-33 kDa The COS-ceH 
denved protein is smaller than we had expected based on our previous studies of murine gp39 however 
we have observed ,n many instances that the apparent molecular masses of a number of different T cell 
surface prote.ns obtamed from COS cell transplants are smaller than those obtained from T cells (Aruffo 
and Seed. 1987 EMBO J. 11:3313-3316; Aruffo ef a/.. 1991. J. Exp. Med. 1 74:949-95^1, ^difte e ces 
in s.ze may be the result of incomplete glycosylation of the proteins by COSlills a.nerences 

withTn^w^ 9 ^, 9 °? NA iS ab ° Mt 18 kb in len ? th *" encodes a P°'yP«P«de of 261 amino adds (aa) 
TJn a l T* °' ab ° Ut 29 k ° a C ° nSiStin9 °' a 22 amino acid amino-termina. cytoplasmic 

T I. ? 1^11° aC ' d Mrophobic transmembrane domain and a 215 amino acid carbc^erminal 
extracellular (EC) domain with one N-.inked glycosylation site (Asn-X-Ser/Thr) in the EC and oTeT he 
cytop.asm,c domain (nucleotide sequences corresponding to coding sequence and the predicted amino 
ac,d sequence are , shown in Figure la). The expected orientation of the protein, with an extraocular 
carboxy-term.nus c.ass.fies it as a type II membrane protein and the difference between the predicted and 

Tr*Tt 71 maSS SU99SSt th3t " under 9° es Posttranslational modificatjons. most likely the addition 
of carbohydrate groups. j 

BinJri^ 0 ^ Kc inC . aCid SeqUen ° e 0< human 9p39 was c o^P^ with those in the National ' 
B^medica. Research Foundat.cn (NBRF) database using the FASTP algorithm and found to have significant 
homology w,th tumor necrosis factor (TNF) « (Gray et al.. 1984. Nature 312:721-724) and 0 (Pennica et al 
1984. Nature 31^:724-729; Wang et a/.. 1985. Science 228:149-154) (Flg^D). The extrace ular domain of' 
g P 39 ,s as closely related to TNF « and /», having about 25% homology with each, just as TNF a^d TNF 
P share about 30% homology (Pennica ef a/.. 1984; Nature 312:724-729). 

6.3. DISCUSSION 

The ability of the surface receptor CD40 to deliver signals to the B cell has been established using 
monoclonal anybodies (Clark and Ledbetter. 1986. Proc. Natl. Acad. Sci. 83:4494-4498; Gordon ef al 1987 
Eur. J. Immunol. 17:1 535-1538). To further study the role of CD40. a cONA encoding the CD40 ligand from 
a human source has been isolated and characterized. 

iJSTf^ ' /? NA °!°? e "f din9 ' Uma " 9P39 Sh0W8d tnat this " ^mbrane protein is ctosely 
related to TNF a (Gray et al., 1984. Nature 312:721-724) and fi (Pennica ef al.. 1984. Nature 312:724-729 

Sted t 9 ^ :149 - 154) - TNF « **» 6 are P lei0 ^P'= <=yt*nes that exist predominancy as 
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7. EXAMPLEiEXPRESSION OF A SOLUBLE FORM OF GP39 WITH B CELL CO-STIMULATORY ACTIVITY 

7.1. MATERIALS AND METHODS 

5 7.1.1. CONSTRUCTION, CHARACTERIZATION, AND PREPARATION OF A SOLUBLE GP39 CHIMERA 

The extracellular domain of the human-gp39 was amplified from the cDNA library prepared from mRNA 
from PHA activated human peripheral blood lymphocytes. The oligonucleotide primers were designed 
based on sequence information obtained from the PCR product described above and were designed to 
io place a BamHI site at the 5* end of the gene such that the reading frame would be preserved when the 
chimeric gene was constructed. The oligonucleotides used were 

5'- CGA 

/5 AGC TTG GAT CCG AGG AGG TTG GAC AAG ATA GAA GAT -3 ' [SEQ- ID NO: 
15] and 5' -CGC TCT AGA TGT TCA GAG TTT GAG TAA GCC-3' [ SEQ. ID 
NO : 14) • 

20 \ 

The PCR was performed using the Pfu polymerase with the buffer supplied by the manufacturer 
(Stratagene, La Jolla, CA) with the following temperature program: 5 minutes, 95 *C; 2 minutes, 72*C; 2 
minutes, 55 'C; 40 cycles of amplification consisting of 1 minute, 95 - C; 2 minutes, 55 *C; 3 minutes, 72 *C; 
10 minutes, 72 # C. The PCR product was digested with BamHI and Xbal and subcloned in a vector 

25 containing the gene encoding the murine CD8 (Lyt2a) extracellular domain with a BamHI restriction site 
generated by PCR. Similarly, the gene encoding the extracellular domain of human CD72 was generated by 
PCR to contain a BamHI restriction site and subcloned in the CD8-coritaining vector in the same manner. 

The ability of COS cells to express and export shgp39 and sCD72 was tested. First, COS cells were 
transfected using DEAE-dextran. One day after transfection, cells were trypsinized and repiated. One day 

30 later, cells were fixed with 2% formaldehyde in PBS (20 min,; room temp.) and permeabilized with 2% 
formaldehyde in PBS containing 01% Triton X-100. (20 min., roony temp ). Cells transfected with sgp39 
were stained with CD40-lg (25 u,g/ml in DM EM, 30 min., room temp.) followed by FITC-conjugated goat 
anti-human Fc antibody (TAGO, Burlingame, CA) diluted 1:500 in DMEM. Cells transfected with sCD72 were 
stained with the anti-CD72 antibody BU40 (The Binding Site, Birmingham, UK) followed by FITC-conjugated 

35 goat anti^mouse Fc antibody (TAGO, Burlingame, CA) diluted 1 :500 in DMEM. 

COS cells transfected with the shgp39 or sCD72 constructs or sector alone (mock) were grown 
overnight in Cys- and Mist- free DMEM to which pSJ-L-methionine and PSJ-L-cysteine had been added, 
(Tran[ 3S S]-label, ICN, Costa Mesa, CA, 27 aCi/ml). Supernatants were harvested and centrifuged at ikrpm 
for 10 minutes. Fusion proteins were recovered from the supernatant using CD40-lg, 53-6 (anti-murine CDS) 

40 plus goat anti-rat Fc, BU40, BU41 (The Binding Site, Birmingham, UK) plus goat anti-moose IgM Fc, or 
J3 101 (AM AC Inc., Westbrook, ME). Goat antibodies were purchased from Organon Teknika Co., West 
Chester, PA. For each sample, 1 ml of supernatant, 75 ul Protein A-sepharose (Repligen, Cambridge, MA) 
and the precipitating agent(s) were mixed and incubated at 40 * C for 2 hr. The sepharose ,was washed 
extensively with PBS containing 0.01% NP-40 and resuspended in loading buffer containing 5% /3- 

45 mercaptoethanof. Proteins were subjected to SDS-PAGE in a 8% poiyacrylamide gel. The gel was fixed, 
dried and exposed to film. COS cell supernatants containing shgp39 or sCD72 were generated by 
transfection of COS cells. One day after transfection, cell media was changed to DMEM containing 2% 
FBS. Supernatants were harvested eight days after transfection. 

50 7.1.2. BINDING ASSAYS 

The binding of hgp39 and CD40 to the soluble forms of their respective ligands was tested by staining . 
of transfected COS cells. COS cells were transfected with CD40. hgp39 or vector atone (mock) using DEAE- 
dextran. One day after transfection, cells were trypsinized and repiated. Cells were stained on the following 
55 day. Cells expressing gp39 or mock transfected c lis w re stained with CO40-lg (25 iig/mf) followed by 
FITC-conjugated goat and-human Fc. Cells expressing CD40 were stained by incubation with COS cell 
supernatants containing shgp39 follow d by mAb 53-6 (anti-murine CO& 2.5 ug/ml) men FITC-conjugated 
goat anti-rat Fc (Organon Teknika Co.. West Chester, PA, 1.5 ug/ml). As controls, COS celte xpressing 
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CD40 were stained with FITC-conjugat d G28-5 (anti-CD40) or using COS cell supernatants containing 
sCD72. All incubations wer done at room temperatur in PBS containing 1 mM CaCI 2 , t mM MgCb and 
2% FBS and the sam buffer was used for all washes. Following staining, cells w re fixed with 1% 
paraformaldehyde in PBS. 

Th binding of shgp39 to CD40-lg was inv stigated in an ELISA assay. W lis of a 96-w II plate 
(lmmunoion-2, Dynatech) were coated with 53-6 antibody (anti-murine CDS, 10 ug/ml, 100 ul/well, 50 mM 
sodium bicarbonate, pH 9.6, 1 hour, room temperature). Wells were washed with phosphate buffered saline 
containing 0.05% Tween-20 (TPBS) and blocked with IX Specimen Diluent Concentrate (Genetic Systems, 
225 ul/well, 2 hours, room temperature). Wells were washed (TPBS). Supernatants from COS cells 
expressing either sgp39 or sCD72 were added (150 ul/well) and plates were incubated at 4'C overnight. 
Wells were washed (TPBS) and fusion proteins CO40-lg or Leu8-lg were added (serially diluted in PBS 
containing 1 mM CaCfe and 1 mM MgCI 2 , 20 ug/ml to 0.6 ug/ml, 100 ul/well, 1 hr., room temp.) Wells were 
washed (TPBS) and peroxidase-conjugated goat F(ab')2 anti-human IgG was added to each well (TAGO. 
Burlingame CA t 1:5000 dilution in 1X Specimen Diluent, 100 ul/well, 1 hr., room temp.) Wells were washed 
(TPBS) and chromogenic substrate was added (Genetic Systems chromogen diluted 1:100 in EIA Buffered 
Substrate, Genetic Systems. 100 ul/well). The reaction was stopped after 10 minutes with the addition of 
Stop Buffer (Genetic Systems, 100 ul/well) and the absorbance was measured on an ELISA reader at dual 
wavelengths, namely 450 or 630nm. Additionally, the ELISA was performed by immobilization of CD40lg on 
plates coated with goat anti-human Fc. Binding of shgp39 from increasing dilutions of COS cell super- 
natants was detected using 53-6 Mab followed by FITC conjugated goat anti-rat Fc. Fluorescence was 
measured on a microplate reader. 

7.1.3. B CELL PROLIFERATION ASSAYS 

Peripheral blood mononuclear cells (PBMC) were isolated by centrifugation through Lymphocyte 
Separation Medium (Litton Bionetics, Kensington, MD). Human 3 lymphocytes were enriched from PBMC 
by passage of cells over nylon columns (Wako Chemicals USA, Inc.. Richmond, VA) and harvesting of 
adherent cells. These cells were then treated with leu-leu methyl ester (Sigma, St. Louis, MO) to deplete 
monocytes and NK cells. The resulting cell population was analyzed by flow cytometry on an EPICS C 
(Coulter Electronics, Hileah, FLA) and consisted oi 50% human peripheral B cells. 

Tonsillar B cells were prepared from intact .onsils by mincing to give a tonsillar cell suspension. The 
cells were then centrifuged through Lymphocyte Separation Medium, washed twice and fractionated on a 
discontinuous Percoll (Sigma, St. Louis, MO) gradient. Cells with a density greater than 50% were collected, 
washed twice and used in proliferation assays. 

COS cells transfected with the gp39 construct or vector aione (mock-COS)were harvested from tissue 
culture plates with EDTA, washed twice with PBS, suspended at 5 x 10 6 c$lte/ml and irradiated with 5000 
rads from a 137 Cs source. COS celjs were used at a ratio of 1:4 (1 x 10* COS cells vs. 4 x 10* B cells) in 
proliferation assays. 

Measurement of proliferation was performed by culturing cells in quadruplicate samples in flat-bottomed 
96-well microtiter plates at 5 x 10 4 cells per well in complete RPMI medium containing 10% FCS. Reagents 
used were IF5 (anti-CD20, 1 ug/ml); PMA (10 ng/ml, LC Services Wobum. MA); G28-5 (anti-CD40. 1 ug/ml); 
CD40lg (5 ug/ml in assays of peripheral blood B cells, 20 ug/ml in assays of tonsilar B cells); supernatants 
of COS cells expressing shgp39 or sCD72 (diluted 1 :4). Cell proliferation was measured by uptake of pH]- 
thymidine (6.7 Ci/mmol; New England Nuclear, Boston, MA) after 5 days ol culture and an overnight pulse. 
Cells were harvested onto glass fiber filters and radioactivity was measured in a liquid scintillation counter. 

7 2. RESULTS 

7-2.1. PREPARATION AND CHARACTERIZATION OF THE RECOMBINANT GP39 AS A CHIMERIC 
FUSION PROTEIN : ~ ~ " 

Because gp39 is a type II membrane protein, and type II membrane proteins are oriented with a 
carboxy-termrnal EC domain, a fusion construct was designed such that a tag polypeptide was placed 
amino-terminal to the EC portion of the protein, replacing the trans-membrane and cytoplasmic domains of 
the surface protein. The tag polypeptide should contain an amino-termmal secretory signal sequence to 
allow xport of the fusion protein. We chose the murine CD8 EC domain (Nakaucni et a/.. 1985. Proa Natl. 
Acad. Sci. U.S.A. 82:5126-5130) as our tag polypeptide to construct our fusion proteins of type II membrane 
proteins for four reasons: (i) the use of an intact extrac llular protein domain with a well defined tertiary 
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structure as th tag polypeptid minimiz s th chances that the tag polyp ptide will affect the tertiary 
structure of the surfac protein to which it is fused whil maximizing th likelihood that the fusion protein 
will be xpr ssed and exported, (ii) a previously studi d CD8 Ig chimera demonstrated that C08 fusion 
proteins ar produc d and exported by COS c lis in high yield, (iii) a larg number of mAb directed t CD8 

s are availabl and can b us d to manipulate the recombinant CD8 fusion proteins; and (iv) the interaction 
between murin CD8 and human MHC I is not d t ctabl . To g nerate the C08-gp39 fusion gene, shgp39, 
a cDNA fragment encoding the EC domain of murine CD8 was fused with a cDNA fragment encoding the 
EC domain of gp39 as described in the Materials and Methods (Figure 2a). The shgp39 protein was 
prepared by transient expression in COS cells and recovered from COS cell supernatants with anti-CD8 

70 mAb or with a soluble recombinant CD40-lg chimera which we used in our earlier murine gp39 studies 
(Figure 2b). The shgp39 protein has a molecular mass of about 50 kDa (Figure 2b) when analyzed by SDS- 
PAGE under reducing conditions. Experimental results indicate that shgp39 forms dimers and trimers in 
solution. 

As a control, a chimeric gene encoding a soluble recombinant form of the B cell antigen CD72 (Von 
is Hoegen et a/.. 1990. J. Immunol. 144:4870-4877), another type II membrane protein, was constructed 
(Figure 2a). The sCD72 protein was also produced by transient expression in COS cells and recovered from 
COS cell supernatants with anti-CD8 mAb or with three anti-CD72 mAb tested.but not with the CD40-lg 
fusion protein (Figure 2c). 

To further characterize the interaction between CD40 and the soluble recombinant hgp39. COS cells 
20 were transfected with a cDNA encoding the full length CD40 protein (Stamenkovic et al. 1989. EMBO J. 
8:1403-1410) and their ability to bind to shgp39, sCD72, and anti-CD40 mAb examined by fluorescence 
microscopy. Both the shgp39 and the anti-CD40 mAb bound to the transfectants while sCD72 did not 
(Figure 3). In addition, COS cells were transfected with a cDNA encoding the surface bound gp39 and their 
ability to bind to CD40-lg (Noelte et a/., 1992. Proc. Natl. Acad. Sci. U.S.A. 89:6550-6554)) or an irrelevant 
25 Ig fusion protein, Leu8-lg (Aruffo et al. 1992, Proc. Natl, Acad. Sci. U.SA 89:2292-2296), examined. CD40- 
Ig, but not Leu8-lg, bound to gp39 expressing COS cells (Figure 3). In parallel experiments, shgp39 and 
CD72 were immobilized in the wells of a 96 well microtiter dish via, an anti-CD8 mAb and their binding to 
increasing concentrations of CD40-lg or a control immunoglobulin fusion protein, Leu8-1g; examined. The 
binding of CD40-lg to immobilized shgp39 was saturable, while CD40-kj did not bind to sCD72 and Leu8-lg 
30 did not bind to shgp39 (Figure 4). 

7.2.2. HUMAN GP39 REQUIRES A CO-STIMULUS TO INDUCE B CELL PROLIFERATION 

To examine the role of gp39-CD40 interactions in B cell activation. COS cells transfected with either the 

35 cDNA encoding hgp39 or vector alone (mock) were tested for their ability to stimulate B cell proliferation. 
Resting, peripheral blood B cells proliferated only weakly when incubated with hgp39-expressing COS cells 
alone (Figure 5). However, upon exposure to hgp39-expressing COS cells in conjunction with either (i) IF5 
mAb (Clark et al., 1985, Proc. Natl. Acad. Sci. U.S.A. 82:1766-1770). directed against the 8 cell surface 
protein CD20. or (ii) PMA, vigorous B cell proliferation was observed. In both cases, the hgp39^driven B cell 

40 proliferation could be reduced to background levels with the soluble CD40-lg fusion protein (Figure 5). B 
cells proliferated weakly when incubated with mock transfected COS ceHs in the presence of either the anti- 
CD20 mAb or PMA and this proliferation was unaffected by the presence of CD40-lg (Figure 5). The weak B 
cell proliferation observed with hgp39-expressing COS celts in the absence of a co-stimulatory signal 
suggests that in this case COS cells also provide co-stimulatory signals that synergize with CO40 signals to 

45 drive B cell proliferation. 

Resting, human peripheral blood B cells were incubated with the soluble recombinant hgp39, shgp39, 
or a control soluble fusion protein, sCD72, in the absence or presence of anti-CO20 mAb or PMA. Although 
very weak proliferation was observed with shgp39 alone. shgp39 induced vigorous B cell proliferation when 
either anti-CD20 mAb or PMA was present (Figure 6). B cell proliferation was not observed with sCD72, 

so anti-CD20 mAb or PMA alone or with sCD72 in conjunction with anti-CO20 mAb or PMA (Figure 6). 

In parallel experiments resting/dense human tonsillar B cells were prepared as described in the 
Materials and Methods section and their ability to proliferate in response to shgp39 and sC072 examined 
(Figure 7). As had been seen with peripheral blood B cells, tonsillar B celts proliferated weakly in response 
to shgp39 but showed strong proliferation when incubated with shgp39 in the presence of the ant>-CD20 

55 mAb IF5 or PMA. No significant proliferation over background levels was observed when the cells w re 
incubated with sCD72 alone or in the presence of the IF5 mAb or PMA. To examine the specificity of the 
shgp39 driven activation response the ability f CD40-lg to block the shgp39/lF5 or shgp39/PMA driven B 
cell proliferation was xamined. CD40-lg was able to reduce th shgp39 driven B cell activation (-20 ug/ml 
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gave -50% Inhibition, Figur 7A) while a control fusion protein Leu-8-lg had no eft ct (Figure 7B). 
7.3. DISCUSSION 

s It has been reported that purifi d murine splenic B cells and human tonsillar B c lis proliferat when 
incubated with CV1/EBNA cells expressing murine gp39 in the absence of co-stimulus (Armitage ef a/., 
1992. Nature 357:80-82). Based on these data it had been thought that gp39 is directly mitogenic for B 
cells. To determine if gp39 binding to CD40 is able to stimulate resting B cells to proliferate in the absence 
of other co-stimulatory signals, and the effect of the fibroblast cells in the stimulation, the proliferation of B 
w cells in response to COS cells expressing full length hgp39 or shgp39 was tested. In contrast to the 
teachings of Armitage, supra , which suggest that gp39 must be associated with a membrane to be active, 
our results show that the hgp39 was active in both membrane-associated and soluble forms; however, 
interesting differences between hgp39 + COS cells and shgp39 were seen. COS cells expressing hgp39 
were able to induce only weak B cell proliferation in the absence of co-stimuli but could synergize with co- 

15 stimuli such as anti-CD20 mAb or PMA to induce vigorous B cell proliferation. In all cases, the B cell 
proliferation could be reduced to background levels with soluble recombinant hgp39 receptor. CD4G-lg. 

sHgp39 was only able to induce resting B cells, isolated from either peripheral blood or tonsils, to 
proliferate in conjunction with co-stimuli such as anti-CD20 mAb or PMA. As had been observed with 
hgp39-expressing COS cells. shgp39 driven B cell activation could be inhibited with CD40-lg but not with an 

20 irrelevant Ig fusion protein. 

These data indicate that hgp39 requires a co-stimulatory signal to most effectively drive B cell 
proliferation and that there is no strict requirement for cell surface expression of hgp39 for activity. In 
addition, the ability of hgp39 expressed on the surface of COS cells to stimulate weak B cell proliferation 
supports the idea that COS cells may also provide low level co-stimulatory signals, as yet undefined, that 

25 can synergize with those provided by hgp39. 

The development of factor dependent, long term B cell cultures has important applications for the study 
of 8 cell growth and differentiation and the development of antigen-specrfic B cell lines (Tisch ef a/.. 1988, 
Immunol. Today 9:145-1 50). Experiments with anti-CD40 mAb showed that CD40 signals can synergize with 
other co-stimulatory signals such as those delivered by anti-CD20 mAb to drive B cell proliferation and that 

30 treatment of B cells with anti-CD40 mAb induces a state of B cell "alertness" v/hich allows them to respond 
more readily to subsequent activation signals. The ability of shgp39 to stimulate B cell proliferation in 
conjunction with anti-CD20 mAb or PMA suggests that it may be used to create in vitro systems for long 
term B cell growth. 

It is interesting to note that the CD40-ig fusion protein and the shgp39 fusion described here can be 
35 used to, respectively, either inhibit or stimulate the CD40 response in B cells and thus are useful tools in 
the study of B-cell/T cell interactions and in clinical applications. , 

8. DEPOSIT OF MICROORGANISMS 

40 The following were deposited with the American Type Culture Collection, 12301 ParWawn Drive, 
Rockville, MD, 20852: 





ATCC Designation 


Escherichia coii CDM7B" MCl061/p3-shgp39 
Escherichia coii CDM8 MC1061/p3-hgp39 


69049 ■ 
69050 



The present invention is not to be limited in scope by the microorganisms deposited since the 
deposited embodiments are intended as illustrations of single aspects of the invention and any rnicroorgan- 
isms which are functionally equivalent are within the scope of the invention. 

The present invention is not to be limited in scope by the exemplified embodiments which are intended 
as illustrations of single aspects of the invention, and any clones. DNA or amino acid sequences wtticfi are 
functionally equivalent are within the scope of the invention. Indeed, various mocfifications of the invention in 
addition to those skilled in the art from the foregoing description and accompanying drawings. Such 
modifications are intended to fall within the scope of th appended claims. 

It is also to be understood that all base pair sizes given for nucleotides are approximate and ae used 
for purposes of description. 
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Various publications have been cited herein, the contents of which are h reby incorporated by 



10 



is 



r ference in their entirety 



SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT: 

(A) NAME: Br istol-Myer e Squibb Company 

(B) STRBETt 345 Park Avenue P * 

(C) CITYt New York 

(D) STATE: New York 

(B) COUNTRY x U.S.A. 
(F) 2IP: 101S4 

<ii) TITLE OP INVENTION: SOLUBLE LIGANDS FOR C040 
(iii) NUMBER OF SEQUENCES: 15 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Reitstdtter, Kinzebach & Partner 
<B) STREET: SternwartstraHe 4 

(C) CITY: Munich 

(D) STATE: Bavaria 

(B) COUNTRY s Germany 
(F) ZIP : 0-81679 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release 1.0, Version #1.25 

25 <vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 
<8> FILING DATE: September 03, 1993 
(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Kinzebach, Werner, Dr. 
30 (B) REGISTRATION NUMBER: 3379 

<C) REFERENCE/DOCKET NUMBER: M/34164 

(ix) TELECOMMUNICATION INFORMATION: 

(A J TELEPHONE: (089) 98 06 56 f 

(B) TELEFAX: (089) 98 73 04 

(C) TELEX: 521S208 



20 



35 



<2) INFORMATION FOR SEQ ID NO:l: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 840 base pairs 

(B) „TYPE: nucleic acid 

(C) -STRANDEONESS : single 
40 < D > TOPOLOGY : linear 

(ti) MOLECULE TYPE: DNA (genomic) 

( ix ) FEATURE : 

(A) NAME/KEY: CDS 
45 (B) LOCATION: 22.. 807 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: Is 

CCATTTCAAC TTTAACACAG C ATO ATC CAA ACA TAC AAC CAA ACT TOT CCC SI 

Met lie Glu Thr Tyr Asn Gin Thr Ser Pro 

50 1 5 10 

CCA TCT GCO GCC ACT CCA CTC CCC ATC ACC ATC AAA ATT TTT ATC TAT 99 
Arg Ser Ala Ala Thr Gly Leu Pro lie Ser Met Lya He Phe Met Tyr 
IS 20 25 

TTA CTT ACT GTT TTT CTT ATC ACC CAC ATC ATT CCC TCA CCA CTT TTT 14 *» 

ss Lqu l * u Thr Vai Phe Leu He Thr Gin Met He Cly Sex Ala Leu Phe 
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30 , .IS 40 

OCT GTO TAT CTT CAT AC A ACG TTC CAC AAC ATA CAA GAT CAA ACG AAT 195 
Ala Val Tyr Leu His Arg Arg Leu Aap Lye lie Glu Aap Glu Acg Aon 
45 50 SS 

CTT CAT CAA GAT TTT GTA TTC ATG AAA ACG ATA CAG ACA TGC AAC ACA 243 
Leu Hla Glu Aep Phe Val Phe Met Lys Thr lie Oln Arg Cyo Aon The 
60 65 70 

GCA CAA AGA TCC TTA TCC TTA CTG AAC TOT GAG GAG ATT AAA ACC CAG 291 
Cly Glu Arg Ser Leu Ser Leu Leu Aan Cyo Glu Clu lie Lya Ser Gin 
75 80 85 90 

TTT GAA GGC TTT GTO AAG OAT ATA ATG TTA AAC AAA CAG GAG ACG AAG . , 339 
Phe Glu Gly Phe Val Lya Asp lie Met Leu Aan Lye Glu Glu Thr Lys 
95 100 105 

AAA GAA AAC AGC TTT CAA ATG CAA AAA GGT CAT CAG AAT CCT CAA ATT 387 
Lya Clu Aan Ser Phe Glu Met Gin Lya Gly Aap Gin Aan Pro Gin He 
110 115 120 

GCO GCA CAT CTC ATA ACT CAC GCC ACC AGT AAA ACA ACA TCT GTG TTA 435 
Ala Ala His Val lie Sec Glu Ala Ser Ser Lya Thr Thr Ser Val Leu 
125 130 13S 

CAG TGG GCT CAA AAA GGA TAC TAC ACC ATG AGC AAC AAC TTG GTA ACC 483 
Gin Trp Ala Glu Lya Gly Tyr Tyr Thr Met Ser Aan Aan Leu Val Thr 
140 145 ISO 

CTG GAA AAT GCC AAA CAG CTG ACC CTT AAA ACA CAA GCA CTC TAT TAT 531 
. Leu Glu Aan Cly Lya Gin Leu Thr Val Lya Arg Gin Gly Leu Tyr Tyr 
1SS 160 165 170 

ATC TAT GCC CAA GTC ACC TTC TCT TCC AAT CCG CAA CCT TCC ACT CAA 579 
He Tyr Ala Gin Val Thr Phe Cya Ser Aan Arg Glu Ala Ser Ser Gin 
175 180 185 

GCT CCA TTT ATA GCC ACC CTC TCC CTA AAC TCC CCC GGT ACA TTC GAG 627 
Ala Pro Phe He Ala Ser Leu Cya Leu Lys Ser Pro Gly Arg Phe Glu 
190 195 '200 

AGA ATC TTA CTC ACA CCT CCA AAT ACC CAC ACT TCC CCC AAA CCT TGC 675 
Arg He Leu Leu Arg Ala Ala Aan Thr His Ser Ser Ala Lys Pro Cya 
205 210 4 215 

CCG CAA CAA ,TCC ATT CAC TTG GGA GGA GTA TTT GAA TTG CAA CCA GGT 723 
Gly Cln Gin Ser He Hia Leu Gly Gly Val Phe Glu Leu Gin Pro Cly 
220 22S , 230 < 

GCT TCG GTG TTT GTC AAT GTG ACT GAT CCA AGC CAA GTG ACC CAT CCC 771 
Ala Ser Val Phe Val Asn Val Thr Asp Pro Ser Gin Val Ser His Cly 
235 240 245 250 

ACT GGC TTC ACG TCC TTT GGC TTA CTC AAA CTC TC AAC AG TCT CACCTTCCAG 824 
Thr Gly Phe Thr Ser Phe Gly Leu Leu Lys Leu 
255 260 

G CTG TGG TGG ACCTCA 840 

(2) INFORMATION FOR SEQ ID NO: 2: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 261 amino acids 
(8 ) TYPE: amino acid 
(D), TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2; 

Met Ila'Clu Thr Tyr Asn Cln Thr Ser Pro Arg Sor Ala Ala Thr Cly 

~ V S 10 IS 

Lou Pro lie Ser Met Lye lie Phe Met Tyr Leu Leu Thr Val Phe Leu 

20 25 30 • 

lie thr Cln Met- lie Cly Ser Ala Lou Phe Ala Val Tyr Leu His Arg 
35 . 40 45 

Arg Leu Aop Lye lie Clu Asp Clu Arg Aen Leu His Clu Asp Phe Val 
50 55 " 60 

Phe Met Lya Thr He Cln Arg Cya Aen Thr Cly Clu Arg Ser Leu, Ser 
65 v > 70 75 . 80 

Leu Leu Aen Cye Clu Clu He Lye Ser Cln Pho Clu Cly Phe Val Lye 

'•' . 85 " 90 i . 95 

Asp lie Met Leu Asn Lye Clu Clu Thr Lys Lye Clu Aen Ser Phe Clu 
100 ios no 

Met Gin Lys Cly Asp cln Asn Pro Cln lie Ala Ala His Val lie Ser 

US ' 120 ... 125 

Clu Ala Ser Ser Lys Thr Thr Ser Val Leu Cln Trp Ala Clu Lys Civ 

130 135 .. !40 ^ •*• .' 7 

Tyr Tyr Thr Met Ser Asn Asn Leu Val Thr Leu Clu Asn Cly Lys Cln 

145 ! ISO ; ' 155 ' - * ■ ■ 160 

Leu Thr Val Lys Arg Gin Cly Leu Tyr tyr lie Tyr Ala Cln Val Thr 
165 170 175 

Phe Cye Ser Aen Arg Clu Ala Ser Ser Gin Ala Pro Phe lie Ala Ser 

A 180 ■ 185 _ 190 . 

Leu Cya Leu Lya Ser Pro Cly Arg Phe Clu Arg lie Leu Leu Arg Ala 

: 195 , 200 205 

Ala Ash thr His Ser Ser Ala Lys Pro Cys Cly Cln Cln Ser lie His 

- 210 215 v ; 220 ^ , J 

^eu Cly Cly Val Phe Clu Leu Cln Pro Cly Ala Ser Val Phe Val Asn 

225 1 .. . 230 23S . 240 

Val Thr Asp Pro Ser Cln Val Ser His Cly Thr Cly Phe Thr Ser Phe 
245 250 255 

Cly Leu Leu Lys Leu * ^ \ 

260 ' 

(2) INFORMATION FOR SEQ ID NO: 3 j 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 151 amino acids 

(B) TYPE: amino acid t 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3: 

Phe Clu Met Gin Lya Cly Asp Cln Ash Pro Cln :ie Ala Ala His Val 
1 5 10 IS 
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lie Sec Glu Ala Ser Ser Lya Thr The Sor Val Leu Gin Trp Ala Clu 
20 25 30 

Lya Cly Tyr Tyr Thr Hot Sor Aon Aon Lou Val Thr Leu Clu Aen Cly 
35 40 45 

Lya Gin Lou Thr Val Lyo Arg Gin Gly Leu Tyr Tyr lie Tyr Ala Gin 
50 55 60 

Val Thr Phe Cye Ser Aen Arg Clu Ala Ser Ser Gin Ala Pro Phe lie 
65 70 75 80 

Ala Ser Leu Cye Leu Lye Ser Pro Cly Arg Phe Glu Arg He Leu Leu 
AS go 95 

Arg Ala Ala Aen Thr Hie Ser Ser Ala Lye Leu Cly Gly Gin Oln Ser 
100 10S no 

He Hie Leu Gly Cly Val Phe Clu Leu Gin Pro Cly Ala Ser Val Phe 
115 120 125 

Val Aen Val Thr Aap Pro Ser Gin Val Ser Hta Gly Thr Gly Phe Thr 
130 13S 140 • / 

Ser Phe Gly Leu Leu Lya Leu 
145 , iso 

J INFORMATION FOR SEQ ID NO: 4: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH i 151 amino acida 

(B) TYPE: amino acid 
(0) TOPOLOGY: linear 

(iij MOLECULE TYPE: protein 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

Phe Glu Met Gin Arg Gly Aap Clu Aap Pro Gin He Ala Ala Hia Val 
1 5 10 15 

Val Ser Clu Ala Asn Ser Asn Ala Ala Ser Val Leu Clh Trp Ala Lya 
20 25 30 1 

Lye Cly Tyr Tyr Thr Met Lye Ser Aen Leu Val Met Leu Clu Aan Gly 
35 40 45 

Lye Gin Leu Thr Val Lye Arg Glu Gly Leu Tyr Tyr Tyr Tyr Thr Gin 
SO SS 60 

Val Thr Phe eye Ser Asn Arg Glu Pro Ser Ser Gin Arg Pro Phe lie 
* 5 70 75 60 

val Gly Leu Trp Leu Lya Pro Ser He Gly ser Glu Arg He Leu Leu 
«5 90 95 

Lya Ala Ala Asn thr His Ser Ser Ser Gin Leu Cys Clu Gin Gin Ser 
• 100 105 HO 

Val Hia. Leu Cly Cly Tyr Phe Clu Leu Gin Ala Cly Ala Ser Val Phe 
115 120 125 

Val Aen Val Thr Clu Ala Ser Cln Tyr He His Arq Val Cly Phe Ser 
130 13S 140 

Ser Phe Gly Leu Leu Lya Leu 
14S ISO 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH t 157 amino aclda 

(B) T¥PE* amino acid 
(D) TOPOLOCm linear 

<ii) MOLECULE TfPE : protein 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: Si 

Val Arg Ser Ser Ser Arg Thr Pro Ser Aep Lys Pro Val Ala Hi. Val 

10 15 

Val Ala Aan Pro Gin Ala Clu Cly Cln Leu Cln Trp Leu Aen Arg Arg 

2S 30 

Ala Aen Ala Leu Leu Ala Aan Cly Val Clu Leu Arg Asp Aan Cln Leu 

40 45 

Val V.1 Pro Ser Clu Cly Leu Tyr Leu II, Tyr Ser Cln V.l Leu Ph. 

SS 60 
Lye Cly Cln Cly Cys Pro Ser Thr Hi. V.l Leu Leu Thr His Thr He 

7S 80 
Ser Arc lie Ala Val Ser Tyr Cln Thr Lys Val Asn Leu Leu Ser Ala 

lie Lys, Ser Pro Cy 8 Cln Arc Clu Thr Pro Clu Cly A!a Clu Al, Lys 

105 110 

Pro Trp Tyr Clu Pro lie Tyr lie Cly Cly Val Ph. Cln L.u Clu Lys 

120 125 

. Cly Aep Arg Leu Ser Ala Clu He Aan Arg .Pro Aep Tyr Leu Aep Phe 

Ala Clu Ser Cly Cln Val Tyr Phe Cly lie lie Ala Leu 
145 1S0 155 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 155 amino acida 

(B) TSfPE: amino acid 
(D) TOPOLOCyj linear 

< - • 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Pro Lys Met HI. Leu Ala Hia Ser Thr Le« Lys Pro Ala Ala His Leu 



15 



He Asn Aap Pro Ser Lya Cln Aan Ser Leu Leu Trp Arg Ala Aan Thr 



25 



30 



Aap Arg Ala Phe Leu Gin Asp Gly Phe Ser Leu Ser Ser Asn Aan Ser 
J » .40 



45 



Leu Leu val Pro Thr Ser Cly n. Tyr Phe Tyr Tyr Ser cln Val Val 

Phe Ser Cly Lys Ala Tyr Ser Pro I.y S Ala Thr Ser. Ser Pro lie Tyr 
70 " . 80 
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Leu Ala flU Clu Val cln Lou Pho Sor Sor Cln Tyr Pro Phe Ills Val 
85 90 95 

Pro Leu Leu Ser Ser Cln Lys Hot Val Tyr Pro Cly Lou Cln Clu Pro 
100 105 uo 

Trp Leu Hie Ser Met Tyr Hie Cly Ala Ala Phe Cln Leu Thr Cln Cly 
115 130 125 

Aep Gin Leu Ser Thr Hie Thr Aep Cly U« Pro Hie Leu Val Leu Ser 
130 135 140 

Pro Ser Thr Val Phe Phe cly Ala Cly Ala Leu 
145 150 155 

<2) INFORMATION FOR SEQ 10 NO: 7: 

(1) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Leu Aep Phe Ala Cys Aep Pro Asp Pro Arg Arg Leu Asp Lys He 
1 S 10 is 

( 2 ) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Leu Asp Phe Ala Cys Asp Pro Asp Pro Arg Tyr Leu Cln Val Ser 
1 5 ; 10 15 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 972 base pairs 
. (B) TYPE: nucleic acid * 

■ (D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 9: 

GCTGGCTAAA GCAGCACTTT CCCCCACCCT ACACCCCTCC CCCACCGCAC , CTCCTCCCCC 60 

CTGTTCCTCC CCCCCTCCCC TACACCCCTA CCTTCACCTA ACCTCCTTCC TCCTGCACAC 120 

CACACCATGC CCTCACCCTT GACCCGCTTT CTCTCCCTGA ACCTCCTGCT GCTGCCTCAC 180 

TCGATTATCC TCCGGACTCG ACAACCTAAC CCACACCCAC CCCAACTCCC AATCTTTCCA 240 

AACAAAATCG ACCCCGAACT TGGTCAGAAG CTCCACCTCC TATCTCAACT CTTCCCCTCC 3C0 
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10 



20 



25 



00 



35 



40 



45 



ZZ CATCCTCTTC AACTCCAC " CCAGCCCACC 360 

™™ TCT ATATCCC " C — - <=C CA CCAGAA GCXGAATTCG « 0 

XCGAAACXCX XXXCXGCCAX GAGCGACACG MTMTMGT accttctcac cctg 



480 
540 
600 
660 
720 
780 

AACCCCAGAC AATTGTGTAA AATGCCACCC CCAGGAAGCT ACAACT^ Z 

CATCACTTCA CACATCTCTT CTTGCAACAG GCCAGGCCCT CCTTTTTCAA GTTTCCTCCT 



TTCAGCAAGG AAAACGAACG CTACXAXTTC TGCTCAGXCA TCACCAACTC CGTCATGTAC 
TTCAGTTCTG TCC^CAGX CCTTCACAAA CXCAACXCTA CTACTACCAA GCCAGTGCTG 
CGAACXCCCT CACCTCXCCA CCCTACCCCO ACATCXCAGC CCCAGAGACC AGAAGATTGT 
CCGCCCCGXG GCTCAGTGAA GGGGACCCGA XTGGACTTCG CCTGTCATAT TTACATCTCC 
CCACCCTTGG CCCCAATCTG CXGCXGXCCX TCATCATCAC XCXCATCTGC 

TACCACACGA GCCCAAAGCC TCTTXCCAAA TC XCCCAGGC CGCXAGTCAG ACAGGAAGGC 



CXCTTATCTA XT 
(2) INFORMATION FOR SEQ ID NO: 10: 
(i) SEQUENCE CHARACTERISTICS! 

, <A ! tl" c ™ : 249 a™ino acids 
(B) TVPE: amino acid 
(0) TOPOLCCr: linear . 

(ii) MOLECULE TVPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NOMOi ' 

Met Ala Ser Pro Leu Tnr Arc Pne Leu Ser Leu A.n Leu Leu Leu Leu 
Oly .«« ser ,ie lie Leu cly Sat „ y clu Ma Ly , ^ ^ ^ ^ 
01 U ,eu Arc lie Pne Pro Ly. Lye Met A*p Ala clu Leu oly Cln Ly, 
Val Asp Leu Val C y, C,u Vai Leu Oly Ser Val Ser gL Oly Cy, S . r 

Trp Leu Pne Gin A.n Sec Ser Ser Lye Leu Pro Gin P,ro T hr Phe Vil 

75 80 
V.1 Tyr Het Ala Ser Ser Hi. A .n Ly, „. T „r Trp A,p Glu Ly, Leu 

Aan ser Ser Ly. Leu Pne Ser Ai. Het Ar, A.p Tnr A.„ a,„ ^ 

V.l Leu. TJr Leu A,„ Lye Pne S er Ly. Glu A Sn Glu Gly ^ Tyr Pne 

120 125 
eye Ser Val lie Ser Asn .„ Val Met Tyr Pne Ser Ser Val Val Pro 

140 

VJI Leu Gin Ly S Vai Asn Ser Thr Thr T „ r ^ ^ ^ ^ ^ 

155 160 
Pro Ser Pro Val His Pro Tnr Giy Tnr Sec Gin Pro Cln A r, Pro Glu 



960 
972 



50 1/0 175 



56 
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Aap Cya Arg Pro Arg Cly Ser Val Lya Gly The Gly Leu Aap Phe Ala 
180 105 190 

Cya Aap lie Tyr He Trp Ala Pro Leu Ala Cly He Cye Val Ala Leu 
195 200 205 

Leu Leu Ser Leu He He Thr Leu He Cye Tyr Hla Arg Ser Arg Lya 
210 215 220 

Arg Val Cye Lya Cya Pro Arg Pro Leu Val Arg Gin Gtu Gly Lye Pro 
225 230 235 240 

Arg Pro Ser Glu Lya lie Val Aen Gly 
245 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1060 base pairs 

(B) TYPE: nucleic acid 

(C) STRAJ4DEDNESS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 



CGCCTCCCCC CCCGCCTCCC 


CTCGCCCCCC 


AGCTTCCACC 


CAACCACCGT 


CCTCCCGAGC 


60 


CCGTCATCCC CTTACCAGTG 


ACCCCCTTGC 


TCCTCCCGCT 


GGCCTTGCTG 


CTCCACGCCC 


120 


CCAGGCCGAG CCAGTTCCGG 


GTGTCCCCGC 


TGGATCGCAC 


CTCGAACCTG 


GGCGAGACAG 


180 


TCCACCTCAA GTCCCAGCTC 


CTGCTCTCCA 


ACCCCACCTC 


CGCCTCCTCC 


TCCCTCTTCC 


240 


AGCCCCCCCC CCCCGCCGCC 


AGTCCCACCT 


TCCTCCTATA 


CCTCTCCCAA 


AACAAGCCCA 


300 


ACCCGCCCCA GCGCCTCGAC 


ACCCACCCGT 


TCTCGGCCAA 


CAGCTTCGGC 


GACACCTTCC 


360 


TCCTCACCC i' CAGCCACTTC 


CCCCCACAGA 


ACGAGGGCTA 


CTATTTCTGC 


TCCGCCCTCA 


420 


GCAACTCCAT. CATGTACTTC 


AGCCACTTCC 


TCCCGCTCTT 


CCTGCCAGCG 


AAGCCCACCA 


400 


CCACCCCAGC GCCGCGACCA 


CCAACACCGG 


CGCCCACCAT 


CGCGTCGCAG 


CCCCTGTCCC 


540, 


TGCGCCCAGA CGCGTGCCGG 


CCAGCGCCCC 


CCCCCCCACT 


CCACACGACC 


CCCCTCCACT 


600 


TCCCCTGTCA TATCTACATC 


TGGGCGCCCT 


TGGCCGGGAC 


TTGTGGGGTC 


«TTCTCCTGT 


660 


CACTGGTTAT CACCCTTTAC 


TGCAACCACA 


GGAACCGAAG 


ACGTGTTTCC 


AAATGTCCCC 


720 


CGCCTGTGGT CAAATCCGGA 


GACAAGCCCA 


CCCTTTCCCC 


CACATACGTC 


TAACCCTCTG 


780 


CAACAGCCAC TACATTACTT 


CAAACTGAGA 


TCCTTCCTTT 


TCAGCCACCA 


AGTCCTTCCC 


840 


TTTCATTTTT TCCAGTCTTC 


CTCCCTGTGT 


ATTCATTCTC 


ATCATTATTA 


TTTTAGTGGG 


900 


GCCGGCCTGG GAAAGATTAC 


TTTTTCTTTA 


TGTCTTTCAC 


GGGAAACAAA 


ACTAGCTAAA 


960 


ATCTACAGTA CACCACAACC 


GTCACAATAC 


TGTTGTGCGC 


ACATCGCGGT AGGGCGTGGA 


1020 


AACGGGCAGG CCACAGCTAC 


CCGCAGAGTT , 


CTCAGAATCA 






1060 



(2) INFORMATION FOR SEQ ID N0:12: 

(i) SEQUENCE CHARACTERISTICS : . 

(A) LENCTH: 235 amino acids 

(B) TYPE: amino acid . 
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/5 



(D) TOrOLOC*i linear 
(11) MOLECULE TYPE t peptide 

5 

(xl) SEQUENCE DESCRIPTION! SEQ 1 0 NO :12s 

Mat Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu 
1 5 10 15 

<Ua Ala Ala Arg Pro Ser Gin Phe Arg Val Ser Pro Leu Aep Arg Thr 

1U 20 2S 30 

Trp Aan Leu Gly Glu Thr Val Clu Leu Lye Cye cin Val Leu Leu Ser 
35 40 4S 

Aan Pro Thr Ser Gly Cya Ser Trp Leu Phe Gin Pro Arg Gly Ala Ala 
50 55 60 

Ala Ser Pro Thr Phe Leu Leu Tyr Leu Ser Gin Aan Lye Pro Lys Ala 
65 . 70 75 80* 

Ala Glu Gly Leu Aap Thr Gin Arg Phe Ser Gly Lye Arg Leu Gly Aap 
85 90 95 

Thr Phe Val Leu Thr Leu Ser Aap Phe Arg Arg Clu Asn Glu Civ Tvr 
100 ' 105 110 

Tyr Phe Cya Ser Ala Leu Ser Aan Ser lie Met Tyr Phe Ser Hie Phe 
115 120 125 

Val Pro Val Phe Leu Pro Ala Lye Pro Thr Thr Thr Pro Ala Pro Arg 
1JO 135 

Pro Pro Thr Pro Ala Pro Thr He Ala Ser Gin Pro Leu Ser Leu Arg 
145 150 ISS iso 

Fro Glu Ala Cya Arg Pro Ala Ala Gly Gly Ala Val His Thr Arg Gly 
30 1 65 170 i7S 

Leu Aep Ph.. Ala Cye Aep lie Tyr lie Trp Ala Pro Leu Ala Gly Thr 
180 185 190 

Cye Gly Val Leu Leu Leu Ser Leu Val lie Thr Leu Tyr Cya Aan Hia 
195 200 20S 



20 



25 



35 



40 



45 



50 



Arg Aen Arg Arg Arg Val Cye Lya Cya Pro Arg Pro Val Val Lys Ser 
210 215 220 

< 

Gly Aap Lye Pro Ser Leu Ser Ala Arg Tyr Val 
225 230 235 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EONESS : single 

(D) TOPOLOGT: linear 

<U) MOLECULE TYPE: DNA (genomic) 



(xij SEQUENCEDESCRIPTION: SEQ ID NO:13: 
CCCAAGCTTT CAGTCACCAT GATACAAACA 30 
(2) INFORMATION FOR SEQ ID NO: 14: 
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(I) SEQUENCE CHARACTERISTICS * 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : sinole 
6 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE t DNA (genomic) 

0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

COCTCTAGAT GTTCAGAGTT TCAGTAAGCC 
(2) INFORMATION FOR SEQ ID NO: IS: 

5 (*) SEQUENCE CHARACTERISTICS * 

(A) LENGTH: 39 base pairs 
<B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
|D| TOPOLOGY: linear 

(it) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CGAACCTTGG ATCCGAGGAC GTTGGACAAG ATAGAAGAT 
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Claims 

1. An essentially purified and isolated nucleic ac:d having a sequence substantially as set forth in Figure 

2. The essentially purified and isolated nucleic acid of clam 1 as contained in CDM8 MCl06iAVW,n^o 
as deposited with the American Type Cufture Election and assigned^e^ Tnl, l^^- 

3. An essentially purified and isolated nucleic acid comprising a sequence substantial as sat fnrth ■„ 
Figure 1 from nucleotide residues 160 to 787. =>«quwce surjstantially as set forth in 

4 " se"t Sh 7g£H " iS0lat8d nUC ' eiC 3Cid 6nC0din9 3 Protei " ***** * substantia.* as 

* l, e ^ e h 1 tially PUrifi8d "* iS0 ' ated nUCl8iC 3Cid ,hat Com P rises a sequence that encodes a 

protem havmg a sequence substantia.lv as set forth in Figure 1 from amino addVesidues 47 to^T 

6. The essentially purified and isolated nucleic acid of claims 3 or 5 further comprisinq a seouence 
encoding an extracellular domain of a protein other than a gp39 protein com P" s " 1 9 a sequence 

7 - ■ sssasss sr nuc,eic of c,aim 6 ,urther ■ s ^ ence «~* - 

a MClSS2^V nd nUC,9iC 3Cid °' C,3im 7 as ■» P'asmid COM7B- 

ISSJ SKJ* 39, 38 deP0S ' ,ed ^ ^ WiCan T ^ Cu,ture Co^ction and assigned accession 

9. An essentially purified and isolated protein having a sequence substantia* as set forth in Figure 1. 
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10. An essentially purified and isolated protein comprising a sequence substantially as set forth in Figur 1 
from amino acid residues 47 to 261. 9 - 

s IL^m'f !L P „ U f!^Q and Pr0t9in ° f daim 10 fUrth?f comprisin 9 ^ ^cellular domain of a 

5 protein otn r than a gp39 protein. 

U ' JD8 0roTe r !r! al,y PUri<i8d and iso1 ^ P rdein of claim 11 ^her comprising an extracellular domain of 

10 C«oS„« Elated protein of claim 12 as produced . by expression of p.asmid 
^or^Z'^T 9 ^ deP0S,,ed W ' ,h AmeriCa " Type Collection and assigned 

. 14. An in yitro method of promoting" B-cell proliferation comprising exposing activated B-cells -to an 
/5 effective concentration of a soluble gp39 protein. 

- 15. An in vitro, method of promoting B-cell .proliferation, comprising, exposing activated B-cells to an 
effective concentration of at least one protein of claims 10 to 13. 

20 16. An in vitro method of promoting B-cell proliferation comprising exposing B-cells to (i) an effective 
concentration of a soluble gp39 protein and (ii) a costimulatory substance* : . 

17- The method of claim 16 in which the costimulatory substance is an anti-immunoglobulin antibody. 

25 1a The method of claim 17 in which the costimulatory substance is an antibody .directed toward a B-cell 

antigen. t: . . * ^ > 

19. The method of claim 18 in which the B-cell antigen is CD20. 

30 2 °- Use 0fa soluble 9 p39 Pfotein for preparing a pharmaceut- I composition suitable for augmenting the 
immune response of a subject. - • . . 3 a 

21. Use of at least one protein of the claims 10 to 13 for preparing a pharmaceutical compos-tion suitable 
tor, augmenting the immune response of a subject. ; ' 

35 . ' .;■ . ' 1 .- . . . ' ' ' 

22. A pharmaceutical composition comprising a therapeutically effective .concentration of a soluble gp39 
protein in a suitable pharmacological carrier. 

2a A pharmaceutical composition comprising a therapeutically effective concentration of at least one 
40 protein of claims 10 to 13 in a suitable pharmacological carrier. ^ : V : , 

24. An in vitro method of prompting , B-cell differentiation comprising exposing activated B^ells to an 
effective concentration of a soluble gp39 protein. ,* : 

4 5 25. An\n ; vitro method, of promoting B-cell differentiation comprising exposing activated B-cells to an 
effective concentration of at least one protein of claims 10 to 13. 

26. An in vitro method of promoting B-cell differentiation comprising, exposing B-cells to (i) an effective 
concentration of a soluble gp39 protein and (ii) a costimulatory substance. 

50 ¥ , ' ' . ' • 

,27. The method of claim 26 in which the costimulatory substance is an anti-immunoglobulin antibody. 

" ' 2 * The method of claim 26 in which the costimulatory "substance is ah antibody directed toward a B-cell 

antigen. 

29. Th method of claim 26 in which the B-cell antigen is CO20. 
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30. An in vitro method of promoting the proliferation of cells that bear CD40 comprising exposing the cells 
to an effectiv concentration of a soluble gp39 protein. 

31. An in vitro method of promoting th differentiation of cells that b ar CD40 comprising exposing the 
cells to an effectiv concentration of a solubl gp39 protein. 

32. The method of claim 30 or 31 in which the cells are sarcoma cells. 

33. Use of a soluble gp39 protein for preparing a pharmaceutical composition suitable for promoting B-cell 
proliferation. 

34. Use of at least one protein of claims 10 to 13 for preparing a pharmaceutical composition suitable for 
promoting B-cell proliferation. 

35. The use of claim 33 or 34, wherein additionally a costimulatory substance is applied. 

36. The use of claim 33 or 34 in which the costimulatory substance is an antiimmunoglobulin antibody. 

37. The use of claim 36 in which the costimulatory substance is an antibody directed toward a B-cell 
antigen. 

3a The use of claim 37 in which the B-cell antigen is CD20. 

39. Use of a soluble gp39 protein for preparing a pharmaceutical composition suitable for promoting B-cell 
differentiation. 

40. Use of at least one protein of claims 10 to 13 for preparing a pharmaceutical composition suitable for 
promoting B-cell differentiation. 

41. The use of claim 39 or 40, wherein additionally a costimulatory substance is applied. 

42. The use of claim 41 in which the costimulatory substance is an anti-immunoglobulin antibody. 

43. The use of claim 41 in which the costimulatory substance is an antibody directed toward a B-cell 
. antigen. ' 

4 

44. The use of claim 41 in which the B-cell antigen is CD20. 

45. Use of a soluble gp39 protein for preparing a pharmaceutical composition suitable for promoting the 
proliferation and/or the differentiation of cells that bear CD40. 

46. The use of claim 45 in which the cells are sarcoma cells. 
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1 CCATTTCAACTTTAACACAGCATGATCGAAACATACAACCAAACTTCTCCC 

I MetlleGluThrTyrAsnGlnThrSerPro 

CHO 

52 CGATCTGCGGCCACTGGACTGCCCATCAGCATGAAAATTTTTATGTATTTACTT 

II ArgSerAlaAlaThrGlyLeuProIleSerMetLv3 llePheMetTYrr ^y^P M 

106 ACTGTTTTTCTTATCACCCAGATGATTGGGTCAGCACTTTTTGCTGTGTATCTT 

29 ThrV^XPheLemieThrGInMetlleGlv SerAlaLQup^eAlaValTy rT^ 

TM 

160 CATAGAAGGTTCGACAAGATAGAAGATGAAAGGAATCTTCATGAAGATTTTGTA 

47 His&EgAEgLeuAspLysIleGluAspGluArgAsnLeuHisGluAspPheVal 

214 TTCATGAAAACGATACAGAGATGCAACACAGGAGAAAGATCCTTATCCTTACTG 

65 PheMetLysThrlleGlnArgCysAsnThrGlyGluArgSerLeuSerLeuLeu 

268 AACTGTGAGGAGATTAAAAGCCAGTTTGAAGGCTTTGTGAAGGATATAATGTTA 

83 AsnCysGluGluIleLysSerGlnPheGluGlyPheValLysAspIleMetLeu 

322 AACAAAGAGGAGACGAAGAAAGAAAACAGCTTTGAAATGCAAAAAGGTGATCAG 

101 AsnLysGluGluThrLysL^GluAsnSerPheGluMetGlnLysGlyAspGln 

376 AATCCTCAAATTGCGGCACATGTCATAAGTGAGGCCAGCAGTAAAACAACATCT 

119 AsnProGlnlleAlaAlaHisVallleSerGluAlaSerSerLysThrThrSer 

4 30 GTGTTAGAGTGGGCTGAAAAAGGATACTACACCATGAGCAACAACTTGGTAACC 

137 ValLeuGlnTrpAlaGluLysGlyTyrTyrThrMetSerAsnAsnLeuValThr 

484 CTGGAAAATGGGAAACAGCTGACCGTTAAAAGACAAGGACTCTATTATATCTAT 

155 LeuGluAsnGlyLysGlnLeuThrValLysArgGlnGlyLeuTyirTyrlleTyr 

538 GCCCAAGTCACCTTCTGTTCCAATCGGGAAGCTTCGAGTCAAGCTCCATTTATA 

173 AlaGlnValThrPheCysSerAsnArgGluAlaSerSerGlnAlaProPhelle 

592 GCCAGCCTCTGCCTAAAGTCCCCCGGTAGATTCGAGAGAATCTTACTCAGAGCT 

x.91 AlaSerLeuCysLeuLysSerProGlyArgPheGluArglleLeuLeuArgAla 

646 GCAAATACCCACAGTTCCGCCAAACCTTGCGGGCAACAA^CCATTCAGTTGGG^ 

209 AlaAsnThrHisSerSerAlaLysPrdCysGlyGlnGlhSerlleHisLeuGly 

700 GGAGTATTTGAATTGCAACCAGGTGCTTCGGTGTTTGTCAATGTGACTGATC^ 

227 GlyValPheGluLeuGlnProGlyAlaSerValPheValAsnValThrAspPro 

CHO 

754 AGCCAAGTGAGCCATGGCACTGGCTTCACGTCCTTTGGCTTACTCAAACTCTGA 

245 SerGlnValSerHisGlyThrGlyPheThrSerPheGlyLeuLeuLysLeuEnd 

808 ACAGTGTCACCTTGCAGGCTGTGGTGGAGCTGA 
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1. 


GCXGGCTAAA GGAGCAGTTT 


CCCCGACCCX 


ACACGCCXCC 


CCCACCGCAC 


51 


CTCCTCCGCC 


CTGTTCCTGG 


GCCCCXCCCC XAGAGCCCTA GCXXGACCXA 


101 


AGCXGCTTGC 


TGGXGCAGAG CACACC^X^S 


CCXCACCGXX 


GACCCGCrTT 


151 


CTGTCGCTGA ACCTGCTCCT 


GCTGCCXGAG 


TCGAXXAXCC 


tGGGGAGXGG 


201. 


AGAAGCTAAG 


CCACAGGCAC 


CCGAACrCCG 


AATCXXTCCA 


AAGAAAAXGG 


2S1 


ACGCCCAACT 


XGOXCAGAAO 


GTQOACC TGG 


TATGTGAAGT 


GTTGGGGTCC 


301 


GTTTCOCAAG 


GAXGCTCXTG 


GCXCTXCCAG 


XACTCCAGCX 


CCAAACtCCC 


351 


CCAGCCCACC 


TXCGXTGXCT 


AXAXGGCXTC 


AXCCCACAAC 


AAGAXAACGT 


401 


GGGACGAGAA GCXGAATTCG 


XCGAAACXGX 


XXXCXGCCAX 


GAGGGACACG 


451 


AAXAATAAGX 


ACGXXCTCAC 


CCXGAACAAO 


TXCAGCAAGG 


AAAACGAAGG 


501 


CXACXAXXXC 


XGCXCAGXCA 


XCAGCAACTC 


GGXGAXGTAC 


TXCAGXXCXG 


551 


TCGtGCCAGT 


CCXXGAGAAA 


GTGAACXCXA 


CXACXACCAA <5CCAGXGCXG 


601 


CGAACXCCCT 


CACCXGXGCA 


CCCTACCGGG 


ACAXCXCAGC CCChGAGACC 


651 


AGAAGAXXGT 


CGGCCCCGXG 


GCXCAGXGAA 


GGGGACCGGA 


XXGGACXXCG 


701 


CCTGTGATAT 


TTACATCTCG 


GCACCCrrGG CCGGAAXCXG 


CGrGGCCCXT 


7 51 


CTGCXGXCCX 


TGATCAXCAC 


XCXCAXCXGC 


TACCACAGGA 


GCCCAAAGCO 


801 


XGXXXGCAAA 


TGTCCCAGGC 


CGCTAGTCAG 


ACAGGAAGGC 


AAGCCCAGAC 


851 


CXXCAGAGAA 


aaxtgxgFa^ aatggcaccg ccaggaagct acaactacxa 


901 


CATGACTTCA 


GAGATCTCTT 


CTTGCAAGAG 


GCCAGGCCCX 


CCXXXTTCAA 


951 


GTTTCCTGCf 


GXCXXAXGXA 


XT 







1 MASPLTRFLS LNLLLLGESI ILGSGEAKPQ APELRIFPKK MDAELGQKVD 

51 LVCEVLGSVS QGCSWLFQNS SSKLPQPTFV VYMASSHNKI TWDEKLNSSK 

101 LFSAMRDTNN KYVLTLMKFS KENEGYYFCS VISNSVMYFS SWPVLQKVN 

151 STTTKPVLRT PSPVHPTGTS QPQRPEDCRP RGSVKGTGLD FACtJlYIWAP 

201 LAGICVALLL SLIXTLICYH RSRKRVCKCP RPLVRQEGKP RPSEKIV'NG 
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, ' «cctccc«= occocctocc etcccccccs McncMo e»M»< 

S-SSE — — "° 

4 escoxxsco «.ccc»cct ,cctcc»tx ccrCTCCO* mc»=«ca . 

. . z— — = 

<tl excise i&oee** «" 8ttewC kK '! 

S4cc GO c^cc c^ccc* cccctstccc to»=™» 

. 

■■ 4 «OCC««* »T«»»~ W«W : I0SCCO80XC 

601 „ fcrrCTTT AC TGCAACCACA GGAACCCAAO 

. t , rTTCTCCTGT CACTGGTTAT CACCCTTTAC 

85 X TCCAGtCTtC ctccctg g TGTGTTTGAC gggaaacaaa 

901 GGCGGGGTGG GAAAGATTAC TTTTTCTtTA - 

951 ACTAGCTAAA ATCTACAGTA CACCACAAGG GTCAOAATAC TGTTGTGCGC 

l0 01 ACATCGCGGt AGGGCGTGGA • AAGGGGCAGG CCAGAGCTAC CC6CAGAGTT 

. ' ' ' • ' ' n 

1051 CTCAGAATCA 

S1 tM^tnt " aWS am *° nVL 

„i ntentM^B p^rcs^H «U»rm. 
«f «««.» «««-« aart«ru «*««». 

M! ,1, U «M WWWWCIM WK3GDKPSI» S««V. 
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